In a cross-sectional screening programme, we assessed serum vitamin D levels in adult Eritrean refugees recently arrived in Switzerland. Median vitamin D level among 107 participants (95 males and 12 females) was 27 nmol/l (interquartile range 23-42 nmol/l), 86% had insufficient vitamin D levels (≤50 nmol/l) and 36% severe deficiency (<25 nmol/l). In 29 participants who received single-dose intramuscular vitamin D substitution (300 000 IU), median vitamin D levels increased from 25 to 35 nmol/l after 3 months (p = 0.005); only 11 (38%) reached sufficient vitamin D levels. Eritrean migrants should be routinely screened for vitamin D deficiency. Single-dose intramuscular supplementation appeared to be insufficient to achieve optimal levels in the majority of participants.
Introduction
Vitamin D plays an important role in regulating bone metabolism [1] . The body may acquire vitamin D2 or D3 (cholecalciferol) through food or, in the case of D3, synthesise it via ultraviolet B light (UVB) exposure. Both forms are hydroxylated in the liver to 25-hydroxyvitamin D, which is further hydroxylated in the kidneys to its active form, 1,25-dihydroxyvitamin D [2] . The threshold for optimum serum vitamin D levels and definitions of sufficiency are controversial [1] [2] [3] . However, several experts agree that a level below 50 nmol/l is insufficient and vitamin D deficiency is generally defined as a serum 25(OH)-vitamin D level below 25 nmol/l [4] . The World Health Organization (WHO) considers a serum vitamin D level <50 nmol/l as insufficient [3] .
Vitamin D production is greatly affected by UVB exposure and the amount of melanin pigment in the skin [1] . Thus, serum 25(OH)-vitamin D levels vary among ethnic groups. In a study conducted in the United States, mean 25(OH)-vitamin D levels in African-Americans and Caucasians were 39 and 64.5 nmol/l, respectively [5] . Several reports indicate that migrants from sub-Saharan Africa are vulnerable to vitamin D deficiency in their host countries in Europe [6] [7] [8] . During recent years Europe has faced high numbers of immigrants arriving from sub-Saharan Africa. Some European countries (Switzerland, the Netherlands, Sweden and Germany) host high numbers of Eritrean refugees [9] . Here we report the prevalence of vitamin D deficiency among Eritrean refugees newly arrived in Switzerland and changes in vitamin D level after singledose intramuscular supplementation.
Methods
The study was conducted in two Swiss cantons (BaselStadt and Basel-Land). Asymptomatic healthy Eritrean refugees aged ≥16 years who had arrived in Switzerland between January 2014 and December 2015 were invited to participate in the study through invitation letters in English and Tigrigna (an Eritrean language), with subsequent follow-up by telephone. Recruitment was between January and October 2016. Participants underwent a cross-sectional health check at enrolment, including measurement of circulating 25(OH)-cholecalciferol levels in plasma. Participants with insufficient vitamin D level (<60 nmol/l) received a single-dose intramuscular supplement of 300 000 IU (1 ml vitamin D3 Streuli). Among these, 30% were recruited on a first-come basis and followed up for reassessment of vitamin D levels after substitution. Venous blood was centrifuged within 30 minutes after phlebotomy and serum samples were stored in aliquots of 50 µl at −20 o C before being analysed at 
Discussion
Among adult Eritrean immigrants recently arrived in Switzerland, 86% had vitamin D insufficiency (<50 nmol/ l) and 36% deficiency (<25 nmol/l) as per commonly used thresholds, and single-dose intramuscular supplementation failed to achieve optimal levels in the majority of participants.
Our results are in line with previous studies. In a study from Australia, 87% and 44%, respectively, of East African migrants had insufficient and deficient serum 25(OH)-vitamin D levels [10] . Eggemoen and colleagues reported a median serum 25(OH)-vitamin D level of 28 nmol/l among recently migrated Eritreans in Norway [6] . In our study, as shown in figure 1 , median vitamin D levels were higher during summer-time owing to longer UVB exposure. However, even in July/August 50% had vitamin D levels below 40 nmol/l. A single intramuscular supplement increased levels significantly, but 62% of participants still had suboptimal vitamin D levels. Similarly to our data, one intramuscular vitamin D administration in a German population led to a significant increase of serum levels at 3 months but more than half of participants' vitamin D level remained below 50 nmol/l [11] . Thresholds for vitamin D deficiency in African populations are still under debate and studies among AfricanAmericans failed to show a correlation between low vitamin D levels and bone mineral density [12] . The clinical significance of vitamin D deficiency in Eritrean migrants should be a target for further investigations. Our study had several limitations. First, we had no detailed information on dietary habits and duration of daily sun exposure. Second, the serum calcium level of participants was not measured. Third, since the half-life of vitamin D3 is around 10 weeks, follow up 12 weeks after Vitamin D3 substitution may have slightly underestimated the effect of intramuscular single-dose supplementation. In summary, in our study 86% of adult Eritrean refugees in Switzerland had insufficient vitamin D levels according to the definition of WHO [3] , and in the majority of participants a single intramuscular supplement did not result in sufficient vitamin D levels 12 weeks later. Assessing vitamin D levels and adequate substitution if indicated should be considered for routine care of migrants from Eritrea living in Europe. Further research is needed to determine ideal vitamin D levels in migrants of African origin and define optimal schemes for substitution in the case of deficiency.
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